A new technique for continuous measurement of viscosityt and its application to studies of blood viscosity are described in this communication. For more than forty years viscosimetric studies of blood have been based on static, discrete determinations, such as that of Hess1 in which viscosity was considered to be inversely proportional to volume under given conditions of pressure in capillary tubes. The closest approach to continuous measurement of viscosity was described recently by Kristenson,' who attached a small pendulum to a container of blood and recorded the amplitude of the swings. By a large series of recordings, a "coagulation profile"
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of the blood was constructed.
The viscosity of materials that change their physical characteristics with time, such as blood during clotting, is difficult to determine unless it can be measured instantaneously, continuously, and automatically. In August, 1950, a joint research program was undertaken to adapt a new ultrasonic instrumentt to dynamic studies of blood viscosity during clotting.
The Ultra-Viscoson is an electronic instrument which uses ultrasonic waves to measure the viscosity of Newtonian liquids and the apparent viscosity of non-Newtonian liquids continuously and automatically. It comprises an ultrasonic probe and an electronic automatic computer. The sensing element of the probe is a thin blade of steel alloy which protrudes from a stainless steel barrel (Fig. 1) . Ultrasonic waves are produced by the probe in the liquid in which it is immersed. The electronic computer, attached to the probe by a cable, instantly calculates the viscosity of the liquid from the effect of interaction of the ultrasonic waves with the molecules of the liquid. If sufficient liquid surrounds the probe, minute layers are caused to slip back and forth over one another at an ultrasonic frequency, with bi-directional or alternating motion. The electronic computer instantaneously computes the force required to produce this sliding motion, and this force is proportional to the viscosity of the liquid. The operating frequency of the Ultra-Viscoson is 28 kilocycles per second. The peak amplitude of vibration of the probe is less than one micron; the ultrasonic energy in the liquid is in the order of microwatts. This level is deliberately designed to be very low-far below cavitation levels-so as to eliminate any effects that the ultrasonic energy will have on the characteristics of the test sample. This fact was established for blood by switching the instrument on and off during the clotting process and observing that the progress, slopes, and magnitudes of the curve were unchanged. When the instrument was switched on after an "off" period, the recorder pen returned to that position on the curve which it would have reached had no interruption occurred.
The Ultra-Viscoson measures the absolute viscosity of Newtonian liquids from 0 to 50 centipoise X gm./cc. in 4 ranges: 0-50, 0-500, 0-5,000, and 0-50,000. The instrument reproducibility is ± 2% for liquids having reproducible rheological properties, whether Newtonian or non-Newtonian. The absolute accuracy for Newtonian liquids in the 0-50 centipoise gm./cc. scale (which is the scale used in these tests) is ± 2%. Once a sample depth of 0.3 cm. is exceeded, the instrument reading is given by In operation, a standard recorder such as the Brown Electronik is attached to the Ultra-Viscoson to obtain a permanent graph. The probe is mounted in a siliconized glass tube, with which it must not come in contact, and partially submerged in a water bath at 370 C. Only 4 cc. of blood are necessary to cover the probe. The recorder is started the moment blood appears in the siliconized venipuncture syringe and before its transfer. The instrument measures 0 at this point, since the blade is in air.
A total of 175 graphs have been drawn and analyzed in patients with various medical and surgical condition and in normal, healthy adults. The latter group comprises 57 males and 10 females, on whom replicated data were obtained in six males and four females. The replicated data were averaged in each case, so that a total of 67 graphs have been analyzed as a basis for this study. Each chart presents an initial rise, a drop back to a lower plateau, and a second main rise which levels off after a variable time, and in some instances drops again. A mean has been established for six points on the chart from 67 graphs drawn from the normal controls and a mean chart has been constructed (Fig. 2) . "A" is the peak of the initial rise and has a mean height of 21. The probable error of the mean is calculated to be 0.5; the probable error of a single observation, 3.0. The ordinate scale is labeled, K X Vcentipoises X gm./cc. When the instrument is calibrated vs. a Newtonian viscosity standard oil, K = V200. Scales are being printed in centipoises X gm./cc. units, so that the conversion factor will be eliminated and the recorder as well as the computer indicating meter C>^.
[/.... will be direct reading. "B" is the point on the plateau at which the main rise begins. It has a mean height of 15. The probable error of this mean is calculated to be 0.3; the probable error of a single observation, 2.3. Furthermore, it occurs at a mean time interval of 3 minutes and 10 seconds from the moment blood is drawn. The probable error of this mean is calculated to be 5 sec.; the probable error of a single observation, 43 sec. No single value for this determination exceeded 5 min. in normal individuals. This point is considered to be one of the highly significant values of the curve. It measures the latent period before steady increase in viscosity begins. The decline from A to B results from the process of attainment of equilibrium by molecular migration to produce a minimum potential energy at the probe to blood interface. This interesting and potentially useful phenomenon is under more thorough investigation. (Patients with a tendency to bleed may show greatly prolonged values for "B," as in a pseudohemophiliac with normal bleeding and clotting times, but with an abnormally prolonged "B" time of 15 minutes [ Fig. 3 ]. After administration of fresh frozen plasma or fresh whole blood, viscosimetric graphs of this patient's blood were of the normal type, as in Figure 2 . This case will be reported later in detail.) Level 20 on the main rise has a mean value of 1 min. 40 sec. from "B," Level 30 has a mean value of 1 min. 50 sec. from 20. Level 40 has a mean value of 2 min. 10 sec. from 30. Level 50 has a mean value of 3 min. from 40. The upper reaches of the curves are approximate because the computer was not standardized as carefully in this area in the early experiments as more recently. Since most of the curves flatten out at variable levels no further means were established. A small number of curves show a slight decrease in viscosity in this area. The points enumerated demonstrate the incline of the slope, which present experiments indicate may be important in differentiating certain pathologic states.
Flattening out of the curve below 50 is unusual and probably abnormal.
In one patient on dicumarol therapy with a prothrombin time of 10%o and spontaneous bleeding, a value of only 33.5 was reached in 53 minutes. In another patient who showed a marked bleeding tendency following a major operation, a level of 44 was reached in 14 min. 35 sec. (normal mean, 9'25"), falling off to 38 in 29 min. 20 sec. (Fig. 4) . After intravenous injection of calcium gluconate, a normal viscosimetric curve was obtained in this patient.
In most cases, Lee-White clotting times were run simultaneously with the viscosimetric measurement. A firm coagulum usually occurred after "B" along the main rise, without any indication on the graph. It is beyond the scope of this preliminary paper to answer many questions concerning what is being measured by the instrument during the process of whole blood coagulation. On a sample of whole blood, taken from a normal control, when the computer was well calibrated, point A was 19.7 and point B, 17. Oxalated blood plasma taken from the same blood sample gave a flat reading of 16. Blood serum from the same sample gave a flat reading of 13.3. The serum level of 13.3 is calculated to be 1.1 centipoises. (Glasser' gives 0.9-1.2 centipoises as normal serum range). The plasma level of 16 may be calculated to be 1.3 centipoises (Glasser gives 1.0-1.4 centipoises as normal plasma range). It is interesting that the A level of 19.7, which is calculated to be 2.0 centipoises, is less than the standard viscosity range of whole blood (Glasser gives 2.5-3.5 centipoises as normal blood range). The B level of 17 or 1.5 centipoises, is greater than that of plasma from the same sample. No significant sex difference is apparent with the data on hand. Viscosity curves on women are being collected at different points in the menstrual cycle and during pregnancy and will be reported when more data are available.
Reproducibility is excellent. SUMMARY A new technique for continuous measurement of viscosity of blood during coagulation has been presented with an analysis of viscosity curves from 67 normal, healthy adults. Two abnormal curves from "bleeders" are shown. Viscosimetric studies are now being carried out in relationship to phlebothrombosis, myocardial infarction, dicumarol therapy, carcinomatosis, pregnancy, in pre-and postoperative periods, and in patients with abnormal bleeding tendencies, as well as in further investigation of normal blood.
